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(54) X-RAY GENERATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: Tb provide an X-ray generator to produce powerful X-ray. 
SOLUTION: The X-ray generator comprises a laser beam irradiation tool to condense 
and irradiate laser beam on the first target, the second target insulated electrically from 
the above first target and arranged in the vicinity of the first target and a voltage 
application tool to apply voltage between the first and the second targets. Electrons in 
the plasma generated by laser beam irradiation on the first target are accelerated with 
the above voltage application tool and collide against the second target. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A laser beam exposure means to condense a laser beam at the 1st 
target and to irradiate it, The 2nd target which was electrically insulated from 
said 1st target, and has been arranged near this 1st target, The X-ray generator 
characterized by having consisted of an electrical-potential-difference 
impression means to impress an electrical potential difference between said 1st 
and 2nd target, having accelerated the electron in the plasma generated by the 
laser beam exposure to said 1st target with said electrical-potential-difference 
impression means, and making it collide with the 2nd target. 
[Claim 2] The X-ray generator according to claim 1 characterized by forming a 
projection in the front face of the 2nd target. 

[Claim 3] At least one side of the 1st and 2nd target is an X-ray generator 
according to claim 1 characterized by being wound about in the shape of a roll. 
[Claim 4] The X-ray generator according to claim 1 characterized by using gas 
as the 1st target. 

[Claim 5] The light source of a laser beam is an X-ray generator according to 
claim 1 characterized by synchronizing with the timing of a laser pulse the pulse 
X-ray which is a pulse YAG laser and was generated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the X-ray generator which a laser 



beam is irradiated [ X-ray generator ] and makes a target generate an X-ray from 

the generated laser plasma. 

[0002] 

[Description of the Prior Art] Drawing 5 is the important section block diagram 
showing the conventional X-ray generator. In drawing, the laser plasma of the 
elevated temperature and high density by which the laser generator with which 
21 carries out outgoing radiation of the laser beam 22, the condenser lens with 
which 23 condenses a laser beam 22, and 25 were generated by the target, and 
26 was generated by the exposure of a laser beam 22, and 30 are the braking 
X-rays generated by the laser plasma 26. In addition, the target 25 is contained 
by the vacuum housing which is not illustrated. 

[0003] Next, actuation of the conventional example shown in drawing 5 is 
explained. In drawing, it is condensed with a condenser lens 23 and the laser 
beam 22 by which outgoing radiation was carried out from the laser generator 21 
which is a laser radiation means is irradiated by the target 25. Consequently, on 
the front face of a target 25, the laser plasma 26 of an elevated temperature and 
high density is generated by the laser beam 22 of a high energy consistency. 
[0004] From this laser plasma 26, braking X-ray 30 occurs according to an 



operation of the transition to the ground state of the excitation electron in ion, 

and electronic recombination and ion etc. 

[0005] 

[Problem(s) to be Solved by the Invention] Since the conventional X-ray 
generator is constituted as mentioned above, max is [ about several mA ] also a 
limitation in order to take out an electron beam from an electrode. This is only 
about 6x1015 generating/second as the number of electronic. Therefore, it is 
difficult to generate the powerful X-ray (for example, ten to 100 times) which can 
be used for nondestructive inspection etc. in such an X-ray generator. The 
technical problem to say occurred. 

[0006] It was made in order that this invention might solve the above technical 
problems, and it aims at obtaining the X-ray generator which can be made to 
generate a powerful X-ray. 
[0007] 

[Means for Solving the Problem] A laser beam exposure means for the X-ray 
generator concerning invention according to claim 1 to condense a laser beam 
at the 1st target, and to irradiate, The 2nd target which was electrically insulated 
from said 1st target, and has been arranged near this 1st target, It is 



characterized by having consisted of an electrical-potential-difference 
impression means to impress an electrical potential difference between said 1st 
and 2nd target, having accelerated the electron in the plasma generated by the 
laser beam exposure to said 1st target with said electrical-potential-difference 
impression means, and making it collide with the 2nd target. 
[0008] Invention according to claim 2 is characterized by forming a projection in 
the front face of the 2nd target in an X-ray generator according to claim 1. 
Invention according to claim 3 is characterized by rolling about at least one side 
of the 1 st and 2nd target in the shape of a roll in an X-ray generator according to 
claim 1 . 

[0009] Invention according to claim 4 is characterized by using gas as the 1st 
target in an X-ray generator according to claim 1 . 

[0010] As for the light source of a laser beam, invention according to claim 5 is 
characterized by synchronizing with the timing of a laser pulse the pulse X-ray 
which is a pulse YAG laser and was generated in an X-ray generator according 
to claim 1. 
[0011] 

[Embodiment of the Invention] Hereafter, an example of the operation gestalt of 



this invention is explained. Drawing 1 is the important section block diagram 
showing an example of the X-ray generator by the operation gestalt of this 
invention. In drawing, the explanation which gives the same sign to the same 
element as drawing 5 , and overlaps is omitted. 

[0012] The 2nd target which 31 was electrically insulated from the 1st target 25, 
and has been arranged near this 1st target, and 32 are 
electrical-potential-difference impression means, for example, generate the 
electrical potential difference of several volts - thousands of volts. And the 
negative electrode of this electrical-potential-difference impression means 32 is 
connected to the 1st target 25, and the positive electrode is connected to the 2nd 
target 31. 

[001 3] Here, wavelength with an applied voltage [ X ] of several volts - thousands 
of volts and the relation of an electrical potential difference are considered. 
When one electron is accelerated by 1V, 1eV energy is obtained. When E is 
made into electronic energy and lambda is made into the wavelength of an X-ray, 
the following relation among these is. 

E[eV] =1.2398x10-6/lambda [m] - The relation between the electrical potential 
difference which accelerates an electron when an electron is accelerated having 



applied the electrical potential difference to the 1st and 2nd target, since it is **, 

and the wavelength of an X-ray is V[V] =1. 2398x1 0-6/lambda [m]. - It becomes 
** 

[0014] That is, wavelength will become long if wavelength is short when an 
electrical potential difference is high, and an electrical potential difference is low. 
Since soft X ray is 0.1 - about 10nm of numbers when wavelength to be used is 
made into soft X ray, the electrical potential difference impressed from ** type is 
set to dozens - several 1000V. 

[0015] Next, actuation is explained. The laser beam 22 by which outgoing 
radiation was carried out from the laser generator 21 is irradiated by the 1st 
target 25 after being condensed with a condenser lens 23. Consequently, on the 
front face of the 1st target 25, the laser plasma 26 of the elevated temperature 
and high density used as X line source is generated. And the electron generated 
with the laser plasma 26 collides with the 2nd target 31 with which the forward 
electrical potential difference was impressed, and a powerful X-ray generates it. 
[0016] As mentioned above, according to this operation gestalt, an electrical 
potential difference is impressed to the electron generated with the 1st target 25, 
and it accelerates, since it was made to make this collide with the 2nd target 31 , 



a more powerful X-ray can be generated, for example, the use to nondestructive 
inspection etc. is attained. 

[0017] Moreover, if a cone or the needlelike projection of at least one is formed 
in the front face of the 2nd target 31 (claim 2), an electron will focus on one point 
and a powerful X-ray will occur. Moreover, although a target deteriorates 
according to progress of irradiation time, the target is rolled in the shape of a roll 
(claim 3), and a powerful X-ray can be obtained over a long time by shifting the 
sequential exposure location, supervising a degradation condition. 
[0018] Moreover, if 1st target 25 is taken, although a metal is generally used, it is 
not necessary to restrict to a metal. For example, Ar gas is passed in the 
exposure location of laser, laser (claim 4) plasma (electron) 26a is generated, 
and this electron may be made to collide with the 2nd target 31 through the 
electrical-potential-difference impression means 32, as shown in drawing 2 . In 
this case, negative electrode 25a which does not function as a target is used. 
[0019] Moreover, the light source of a laser beam can be made into a pulse YAG 
laser, the generated pulse X-ray can be synchronized with the timing of a laser 
pulse (claim 5), and **** and the good output of S/N can be obtained. 
[0020] Drawing 3 is drawing showing the outline configuration of such equipment. 



In drawing, the same sign is given to the same element as drawing 1 . Incidence 
of the braking X-ray generated with the 2nd target 31 is carried out to a sample 
40, and the light corresponding to the component of a sample generates it. The 
analyzer 42 with which, as for a detector 41, only the time amount to which the 
light is emitting light makes the gate open analyzes the sample component of the 
signal passing through the gate. 

[0021] The scattered light of a pulse laser is detected and, as for a photodetector 
43, only predetermined time amount opens the gate of an analyzer 42 
synchronizing with the pulse signal. Drawing 4 is the timing chart of the 
equipment shown in drawing 3 . The trigger shown in drawing (b) synchronizing 
with discharge of the pulse laser light of drawing (a) is sent to an analyzer 41. 
This trigger is sent out to a photodetector 43 through an analyzer 42, and as the 
gate of a detector 41 shows in drawing (c) by that trigger, it serves as the 
predetermined time amount open. 

[0022] Although the noise is contained in the signal from the sample 41 as 
shown in drawing (d), only a signal in case the gate of the detector 41 shown in 
drawing (e) is open is incorporated by the analyzer 42. In addition, when the 
detector 41 is made normally open without synchronizing with laser discharge, a 



noise is incorporated and integrated by the analyzer 42 and S/N worsens. 
[0023] 

[Effect of the Invention] A laser beam exposure means according to claim 1 of 
this invention to condense a laser beam at the 1st target and to irradiate it as 
explained above, The 2nd target which was electrically insulated from said 1st 
target, and has been arranged near this 1st target, Since it consisted of an 
electrical-potential-difference impression means to impress an electrical 
potential difference between said 1st and 2nd target, the electron in the plasma 
generated by the laser beam exposure to said 1st target was accelerated with 
said electrical-potential-difference impression means and it was made to collide 
with the 2nd target A powerful X-ray can be obtained as compared with the 
conventional example. 

[0024] Moreover, according to invention of claim 2, since the projection is formed 
in the front face of the 2nd target, an electron focuses on one point and a 
powerful X-ray occurs. Moreover, according to invention of claim 3, a powerful 
X-ray can be obtained over a long time. 

[0025] Moreover, generating of a powerful X-ray is attained over long duration, 
without according to invention of claim 4, damaging the negative electrode, since 



breakdown of the gas is carried out as a target. Moreover, according to invention 
of claim 5, the good output of S/N can be obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 



[Drawing 1] It is the important section block diagram of the X-ray generator in 
which an example of the operation gestalt of this invention is shown. 
[Drawing 2] It is the important section block diagram of the X-ray generator in 
which an example of other operation gestalten of this invention is shown. 
[Drawing 3] It is the important section block diagram of the X-ray generator in 
which an example of other operation gestalten of this invention is shown. 
[Drawing 4] It is drawing showing the timing diagram of the operation gestalt of 
drawing 3. 

[Drawing 5] It is the important section block diagram showing the conventional 
X-ray generator. 
[Description of Notations] 

21 Laser Generator 

22 Laser Beam 

23 Condenser Lens 

25 1st Target 

26 Laser Plasma 

30 Braking X-ray 

31 2nd Target 



32 Electrical-Potential-Difference Impression Means 

40 Sample 

41 Detector 

42 Analyzer 

43 Photodetector 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



